We describe 4 patients with West Nile virus encephalitis who all displayed previously unreported plasma cell pleocytosis of the cerebrospinal fluid (CSF). Three patients recovered but had varying degrees of mild neurologic disability on discharge from the hospital, and 1 patient died. The finding of significant numbers of plasma cells in CSF may serve as a useful early diagnostic clue for West Nile virus encephalitis.
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In the few years since the original epidemic of infection occurred in New York City [1] , West Nile virus has emerged as an important zoonotic pathogen in North America, causing substantial morbidity and mortality in avian, equine, and human populations. Infections varying from asymptomatic subclinical illness to fatal meningoencephalitis have been encountered in 32 states and the District of Columbia, resulting in 12121 cases in humans and 95 deaths (including 15 cases and 2 deaths in North Dakota) [2] . A precise diagnosis of West Nile virus infection is generally made on a serologic basis by the finding of circulating virus-specific IgM antibody in samples of serum or CSF or via detection of virus-specific RNA by PCR testing [3] [4] [5] . However, a diagnosis of West Nile virus infection is typically delayed because of the time required to send clinical blood and/or CSF samples to reference laboratories and to receive the results. A more rapid diagnostic test or marker for this infection could have substantial utility in reducing unnecessary administration of antibacterial therapy to individual patients; in guiding empirical antiviral therapy, should agents such as IFN-a-2B and ribavirin prove to be effective [6] ; and in directing appropriate public health measures designed to prevent or limit outbreaks of disease. Herein, we describe 4 consecutive patients with West Nile virus encephalitis seen at our institutions who all displayed previously unreported plasma cell pleocytosis of the CSF.
Patients and methods. [4] . Serologic testing for all subjects was performed at the North Dakota State Health Department laboratory in Bismarck. CSF specimens from 2 subjects were tested for West Nile virus antibodies, and the results were positive in both instances. The CSF specimens prepared for cytologic examination from all 4 study patients were reviewed by one of the authors (T.S.), a pathologist, who confirmed the presence of plasma cells and provided accurate quantitation. Another hospital pathologist was enlisted to provide a second review of all CSF specimens and to substantiate the cytologic results of the study pathologist. Flow cytometry of CSF specimens was not performed. All 4 subjects had negative results of CSF arbovirus-specific IgM antibody panels (to western equine, eastern equine, St. Louis, and California encephalitis viruses) and negative results of CSF PCR tests for herpes simplex virus. Two subjects had CSF tested for enteroviral DNA by PCR, and the results for both patients were negative. One patient (patient 4) was tested for Lyme disease and human granulocytic ehrlichiosis and had negative serum and CSF antibody titers for Borrelia burgdorferi and undetectable levels of serum antibody against Ehrlichia species.
Results. In the first documented case (which occurred in patient 1), a laboratory technologist noted the appearance of atypical cells on the CSF differential WBC count and referred the cytologic smear to the pathologist for review. The pathologist confirmed the presence of a relatively large number of plasma cells from the spun CSF sample (total WBC count, 29 cells/mm 3 , with 43% plasma cells). This case prompted closer scrutiny of the next 3 cases of encephalitis in the community, all of which were subsequently confirmed to have involved West Nile virus infection. After careful review of the cytologic samples obtained from these additional 3 patients by the same pathologist, all were found to have variable degrees of plasma cell pleocytosis (table 1) . In fact, in 2 of the 4 study subjects, plasma cells were nearly as or more prominent than lymphocytes. The morphologies of the cells for patient 2 (figure 1) are consistent with mature plasma cells and associated plasmacytoid lymphocytes. Subsequent review of the peripheral blood smears for 2 subjects (patients 1 and 2) revealed very rare circulating plasma cells. The mean patient age was 62 years, and all subjects were male. All 4 patients had underlying conditions that could be considered immunocompromising (table 1 , and the percentage of CSF plasma cells was 2%-48% (mean, 25%). Three patients recovered but had varying degrees of mild neurologic disability on discharge from the hospital. One patient died on the ninth day of hospitalization.
Discussion. The finding of plasma cells in CSF is an uncommon occurrence but can be seen in patients with noninfectious conditions, such as multiple myeloma, multiple sclerosis, and leukemia and lymphoma (table 2). Although 2 of our 4 patients had underlying hematologic conditions, neither myelodysplastic syndrome nor myeloproliferative diseases typically produce plasmacytosis in either blood or CSF. There is an extreme paucity of published data, especially in the Englishlanguage literature, on the occurrence of plasma cells in the CSF of patients with CNS infections. Modest plasma cell pleocytosis (percentage of plasma cells, 1%-6%) has been rarely described in the literature in patients with presumptive or confirmed acute viral meningoencephalitis, including enteroviral infection [7] [8] [9] . Other infections that have occasionally been associated with variable degrees of plasma cell CSF pleocytosis include neuroborreliosis [10] [11] [12] [13] , tuberculous meningitis [9] , secondary syphilis [14] , herpes zoster meningoencephalitis [11, 15] , HIV infection [16] , neurocysticercosis [17] , and African sleeping sickness [18] . The appearance of a large number of plasma cells in the CSF (66% of 167 WBCs/mm 3 ) has been reported in a single case of acute measles meningoencephalitis [19] . Similarly, our cluster of cases of West Nile viral encephalitis is notable for the remarkable degree of CSF plasma cell pleocytosis displayed (mean percentage of plasma cells, 25%), a finding not reported in other studies. It is possible that patient 4, an organ transplant recipient and the patient with the lowest number of CSF WBCs and plasma cells among our study subjects, may have had a blunted CSF inflammatory response as a result of immunosuppressive therapy [20, 21] .
It is unclear why previously reported cases of West Nile virus encephalitis have not demonstrated the CSF plasma cell pleocytosis seen in our cases [1, 2, 9, 10] . Without the accompanying expertise of a pathologist, it is possible that laboratory technologists who routinely examine CSF specimens and report microscopic findings in samples from patients with suspected meningoencephalitis may inaccurately report plasma cells as lymphocytes. In 2 of the cases reported here (those in patients 1 and 3), it was only after the pathologist's review (requested by the medical technologist and by the infectious diseases consultant, respectively) that the correct identification of plasma cells was made. In fact, for patient 3, the initial technologist's differential WBC count was 65% lymphocytes, of which 40% of the total cells were subsequently identified by the pathologist as either plasma cells or plasmacytoid lymphocytes. It seems unlikely that underlying hematologic conditions, which were present in only 2 of our patients, contributed to CSF plasmacytosis. Alternatively, it is possible that our patients may have had another diagnosis in addition to West Nile virus infection. Tickborne neuroborreliosis caused by B. burgdorferi is epidemiologically plausible (although only 8 cases of Lyme disease were reported to the North Dakota State Health Depart- Within communities, unexpected deaths in birds or horses are likely to be sentinel events that precede West Nile virus infection in humans. Geographic clustering of cases of meningitis or encephalitis may further heighten the index of suspicion for this agent. For clinicians treating patients with CNS 
